Abstract-Municipal wastewater reclamation and reuse has been an effective way to solve problems of shrinkage and drying up of rivers and lakes. The residual pollutants in recycled water may pose a risk to groundwater. A field study on the spatial and temporal variations concentrations of nitrate, ammonia and chemical oxygen demand (COD) was conducted in Beijing, where recycled water is used to recharge dry rivers. And the effect of a riverbank filtration (RBF) on the nitrogen and organics removal from the Qingyang River was investigated. Water samples from recycled water, river water and groundwater were collected for nitrate, ammonia and COD measurement. The results indicated that river water quality was improved when recycled water was refilled to the river course. The concentration of nitrogen and total phosphorus decreased along the flow directions in the Qingyang River. Higher temperature in summer can promote nitrogen and COD removal in the river. The results indicate that about 63%, 89% and 41% of nitrate, ammonia and COD was removed from the river bank filtration. These results indicate that improving the removal of nitrogen and organics in recycled water and optimizing the management of recharging operation could reduce the risks of nitrogen and organics.
INTRODUCTION
China is facing severe water problems including water pollution and scarcity which are now becoming main factors limiting economic developments and affecting standard of living [1] . With advances in wastewater treatment technologies and expansions of the wastewater treatment plant scale, reuse of recycled water has become very popular in many regions, especially urban centers in northern China. By 2030, the amount of recycled water in China may reach 680-850 m 3 [2] . Reuse of recycled water to replenish river and lake play an important role in improving urbanization ecological environment in water-short areas [3] . After recharge into rivers or lakes, recycled water will percolate through riverbed down to shallow groundwater. Although many treatment technologies have been applied to improve wastewater quality before it could be used for various ways, because of high operation costs and technical reasons, the pollutants in recycled water cannot be completely removed [4] . Secondary effluent was early used in landscape channel during the Seventh Five-Year Plan period (1985) (1986) (1987) (1988) (1989) (1990) in China [1, 5] . Many studies have focused on the concentrations of pollutants in influent and effluent of wastewater treatment plants [6] [7] [8] . However, their impact on surface water and groundwater has rarely been reported.
The term of river bank filtration (RBF) was first developed in Germany and has been used in many parts of the world for public and industrial water supply over 100 years [9, 10] . RBF can occur under natural conditions or may be induced by lowering the groundwater table below the surface water level via abstraction from adjacent boreholes [11] . Factors influencing the performance of RBF include characteristic of treatment site, soil and wastewater characteristics, redox conditions and residence time [12, 13] . Extensive river bank filtration application began to use in 1980s, and exceeding 300 drinking water sources utilities bank infiltration established mainly near the Songhua River Basin, the Yellow River Basin and Haihe River Basin in China. However, the serious lack of application and studies on RBF have resulted in critical scientific data gap in China [14] . The environmental risks to river water and groundwater still remain poorly known. Thus, the purposes of the present work are to: (i) investigate the spatial and temporal variation of nitrate, ammonia, and COD in river water recharged by recycled water, (ii) examine the attenuation and removal of nitrate, ammonia, and COD during the RBF.
II. MATERIALS AND METHODS

A. Site Description
The study was carried out in Qingyang River, with a total catchment area of 0.25 km 2 and a stream length of 9 km, in Beijing Olympic Forest Park (40°00′-40°02′ N and 116°22′-116°24′ E ). The study area has a semi-arid and semi-humid continental climate. The mean annual rainfall and pan evaporation are respectively 600 and 1200 mm in the period 1980-2010. Qingyang River was an artificial river, which was recharged by recycled water since 2008. About 15×10 5 m 3 per year recycled water was discharged into water course. The recycled water was replenished into the Qingyang River by the conveyance pipeline in the northwest part of the Qinghe diversion canal from March to November each year (R0 in Figure 1 ). the study period. The soil texture in the study area was roughly divided into two types. The upper layer was loamy soil (0-7 m), and the lower layer was belong to sandy soil (7-30 m). 
B. Experiment Setup and Water Sampling
As shown in Figure 1 , recycled water sample point (R0) and four sampling points (R1, R2, R3 and R4) were selected along the river. Recycled water samples were taken from the water conveyance pipeline ( Figure 1 ). Surface water samples were collected at 0.5 m below the water surface. Three groundwater wells (SW1-SW3) were installed at the monitoring section, R0. As shown in Figure 1 , sampling wells were located approximately 2.5 m, 7.5 m and 13 m from the river bank, respectively. Groundwater sample was collected from the wells (0.2 m in diameter) by a sampler. The sampler consisted of a ceramic cup connected with a PVC tube (0.05 m diameter), and a PVC tube was connected to a sampling bottle. Groundwater samples were collected at the depth of 3 m, 5 m and 9 m from the soil surface in SW1, SW2 and SW3, respectively. The on-site parameter temperature was detected during sampling.
Water samples were collected 2-3 times a month in 2014 (March-November). River water samples were analyzed for nitrate, ammonia, total nitrogen and phosphorus. Groundwater samples were analyzed for nitrate and ammonia. Samples were iced immediately and kept at 4 o C during shipping and storage. All samples were filtered by membrane filter (pore size 0.2 μm) prior to analysis. Nitrate and ammonia were tested colorimetrically using a spectrophotometer.
C. Statistical Analysis
Statistical Analysis was Performed Using the Nonparametric Test with SPSS and EXCEL.
III. RESULTS AND DISCUSSION
A. Spatial Variation in River Water Quality Nitrogen and Phosphorus
The average nitrate, ammonia, TN and TP concentration at different sampling points from 25 September to 15 October 2014 are presented in Figure 2 (at R4) (P<0.01), decreasing by 81% along the flow direction. The river water quality of Qingyang River is evaluated by comprehensive index method. The result found that the key pollution indicator was TN.
As shown in Figure 2a and 2b, the nitrate and TN concentrations in the river water were significantly higher than those in recycled water (R0). These results indicated that nitrogen in recycled water is the major source of nitrogen in the Qingyang River. Moreover, the nitrate and TN concentration decreased exponentially with the distance between sampling points and R0, P<0.01, R2=0.954 (for nitrate), P<0.01, R2=0.973 (for TN), respectively. The decrease of nitrate and TN concentrations was probably due to combined contribution of water dilution, plant absorption and biodegradation [15] [16] [17] [18] . Vermaat [17] found that mature duckweed can remove nitrogen with the efficiency of 34%. That is, duckweed, algae and water lily uptake in the river course was the main removal mechanism for nitrogen in the river. Many researchers [18] [19] [20] found that nitrification and denitrification played an important role in nitrogen removal in the river.
As shown in Figure 2d 
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B. COD and BOD 5 The COD and BOD5 concentrations at different sampling points are presented in Figure 3 
C. Temporal Variation in River Water Quality
The temporal variations of the TN, nitrate, COD, BOD5, ammonia and TP concentration in recycled water at R0 from April to November in 2014 is shown in Figure 4 . As shown in Figure 4 , these concentrations in the recycled water varied significantly during the sampling period. These variations were mainly due to the effluent water quality of the recycled water plant. The temporal variations of the TN, nitrate, COD, BOD 5 , ammonia and TP concentration in river water at R1 from April to November in 2014 is shown in Figure 5 . The monthly average nitrate concentrations in the river water were roughly lower than those in recycled water during sampling period (Figure 4a and 5a) . Nitrate concentrations decreased to 10 mg L -1 during summer at the relatively high temperature ( Figure 5) . A similar change trend occurred in the TN concentration. There were two reasons for this variation. First, variations in river water quality were primarily attributed to the recycled water quality. Second, higher temperature and reductive conditions resulted in higher nitrate removal during summer than during winter in river water. A previous study conducted by Li [21] supports these observations by confirming a temperature dependent attenuation of nitrate.
As shown in Figure 5b and 5b, the monthly average ammonia concentrations in the river water were roughly lower than those in the recycled water during sampling period. Results showed that ammonia can be taken by plant or take part in nitrification in the river [17] . At the same time, nitrification was inhibited in a reduction condition at a higher temperature. Thus, there was a less a less obvious reduction in the ammonia concentrations in summer. The COD and BOD 5 concentrations were roughly higher in the river water than those in the recycled water (Figure 5a and 5b) . This difference may be due to the addition of exogenous organic matter to river course. Results showed that the COD and BOD 5 concentrations were found to be high in June and November, which was mainly owing to the relatively high COD and BOD 5 concentrations in the recycled water. As well, similar results were detected in the TP concentrations in the river water. Figure 6 gives the average concentrations of nitrate, COD and ammonia in the river water and sampling wells (SW1, SW2 and SW3) in 2014. The mean nitrate concentrations in the sampling wells were much lower than those in river water. The nitrate concentration decreased from 13.9 mg L in SW1, with a removal efficiency of 63%. Denitrification is widely known as the main process for nitrate removal in the vadose and saturated zone [22] [23] [24] . In addition, corresponding reductive condition resulted in higher nitrate removal in groundwater environment. Denitrification occurred as the water flowing from river to shallow groundwater well, leading to nitrate decrease in groundwater compared to that in river water. As shown in Figure 6 , the mean COD concentration in river water was 26 mg L -1 , decreasing to 15 mg L -1 in shallow groundwater (in SW1), with a removal rate of 40%.
D. Variation of NO 3 -N and NH 4 -N concentrations along the Infiltration Path
COD attenuation was mainly depended on the comprehensive influence of microbial biodegradation and adsorption onto sediments [25] [26] [27] . The COD concentrations fell consistently with the increasing distance from the river bank from SW1 to SW3. The mean COD concentration in SW3 fell to 9 mg L -1
. These results are close to those of Maeng et al. [28] , who found that organic matter removal during bank filtration increased with residence times and travel distances. Lenk et al. [29] also demonstrated that organic matter concentrations are inversely related to residence times and travel distances during bank filtration.
IV. CONCLUSIONS
This research studied the temporal and spatial variations of pollutants in Qinagyang River after receiving recycled water from recycled water plant. The main conclusions are as follows: (1) the nitrogen and TP concentration decreased along the flow direction in Qingyang River. The COD and BOD 5 concentration increased along the flow direction in Qingyang River. (2) High temperature in summer promoted nitrogen and COD removal. An average 63%, 89% and 41% of nitrate, ammonia and COD was removed during river bank filtration. (3)The results show that river bank filtration system can act as an effective barrier to remove nitrate, ammonia and COD in the Qingyang River. As the Qingyang river was recharged with recycled waste water, shallow groundwater has not been contaminated with ammonia, nitrate and COD. Recycled water reuse can alleviate water scarcity problems and improve driedup water courses, but many subsequent problems such as eutrophication and groundwater pollution are not known very well. A further research is still needed to figure out the fate and mechanism of the residues except nitrogen in the recycled water during river bank filtration. 
